Abstract: Tick-borne bacterial zoonoses of livestock and free-ranging ungulates caused by Anaplasma spp. are common in Central Europe. The aim of this study was to analyze the prevalence of Anaplasma phagocytophilum and other tick-borne bacteria in wild animals from western Slovakia. Infection with A. phagocytophilum was recorded in 62.86% of analyzed roe deer (Capreolus capreolus), in two red deer (Cervus elaphus) and two wild boars (Sus scrofa). Dermacentor reticulatus and Ixodes ricinus ticks collected on red deer were not A. phagocytophilum-infected. However, spotted fever group rickettsiae were detected in ticks collected from red deer. High prevalence of A. phagocytophilum in roe deer as well as positive red deer and wild boars suggest the occurrence of natural foci in western Slovakia.
Introduction
Anaplasma phagocytophilum, previously known as HGE agent, Ehrlichia phagocytophila and Ehrlichia equi, is a tick-borne bacterium belonging to the Anaplasmataceae family (α-proteobacteria, order Rickettsiales) (Dumler et al. 2001) . In Europe, it is transmitted by Ixodes ricinus ticks. Anaplasmosis caused by A. phagocytophilum is a disease of medical and veterinary interest with various clinical manifestations ranging from subclinical to life-threatening (Bakken & Dumler 2000) . Since its discovery in the United States, and subsequently in Europe, various mammal species were implied as reservoirs and hosts of A. phagocytophilum (de la Fuente et al. 2005; Woldehiwet 2006 ). High prevalences were detected especially in several species of deer. However, as was recently proved, wild boars, which are rarely infected with A. phagocytophilum, harbor the variant associated with human illness (Strasek Smrdel et al. 2009 ).
Rickettsial infection can be also transmitted by ticks. Little is known regarding vertebrate reservoirs, especially related to medium-to large-sized animals (Inokuma et al. 2008) . Rickettsia helvetica was found in roe deer in Slovakia, Netherlands, in sika deer in Japan and in wild boar in the Netherlands Inokuma et al. 2008; Sprong et al. 2009 ). Wild boar can be exposed also to Rickettsia slovaca infection (Ortuno et al. 2007 ).
The aim of this preliminary study was to estimate the prevalence of A. phagocytophilum and other tickborne bacteria in wild animals from three hunting areas in western Slovakia which, according to our knowledge, had not been studied before.
Material and methods

Study area
Mountainous hunting area Nitrianske • 51 N, 18
• 39 E) lies in Strážovské vrchy Mts near the village of Nitrianske Rudno in administrative district 18 • 40 E) situated near the town of Levice (further refered to as Levice) consists of meadows, fields, as well as smaller woodland areas. • 02 N, 18
• 39 E) lying near the town of Želiezovce is a woodland area. Both, Levice and Želiezovce areas, are situated in Ipeľská pahorkatina hilyland and in administrative district Levice.
Collection of samples
The spleen samples from 42 animals, namely 35 roe deer (Capreolus capreolus L., 1758), four red deer (Cervus elaphus L., 1758) and three wild boars (Sus scrofa L., 1758) hunted from May to September 2009, were examined. The majority of animals: 24 roe deer, four red deer and two wild boars came from Nitrianske Rudno. Eleven animals (10 roe deer, one wild boar) were hunted in Levice, and one roe deer in Želiezovce (Table 1) . Six engorged adult ticks belonging to Dermacentor reticulatus (F., 1794) species and one en- deer hunted in Nitrianske Rudno in September 2009 were also analysed. Spleen samples were maintained at -20
• C prior to the examination.
DNA isolation, PCR and PCR/RFLP assays DNA from spleen and tick samples was isolated using SiMAx Genomic DNA Extraction kit (Bejing, China) under conditions recommended by the manufacturer. Several sets of group -, genus -and species -specific primers were applied for detection of tick-borne bacteria (Table 2) . Primer set Ehr521 and Ehr790 amplifying part of 16S rDNA gene was used for detection of Ehrlichia spp. (Kolbert 1996) . Nested PCR with primers (HS43, HS45 and GEHS1, EHS6) derived from groESL gene was applied for identification of A. phagocytophilum (Bjoersdorff et al. 2002) . Primers IS58-62f and IS58-594r amplifying part of 16S rDNA were used to detect Candidatus Neoehrlichia mikurensis (Kawahara et al. 2006) . Ehrlichia muris was identified by primers EmCS638F and EmCS1349R derived from gltA gene (Tamamoto et al. 2007 ). Primers RpCS.877p, RpCS.1258n of the gltA gene; Rr190.70f, Rr190.701r of the ompA gene; and D767f, D1390r of D gene were used for the detection of Rickettsia spp. (Regnery et al. 1991; Roux et al. 1996; Sekeyová et al. 2001) . In order to identify R. slovaca, PCR products amplified by primers D767f and D1390r were used for specific restriction analysis (Špitalská et al. 2008) . Negative-and positive-controls were included in each PCR assay. DNA amplifications were performed in PTC-200 Peltier thermal cycler (MJ-Research, USA). PCR products were visualized on 1.2% agarose gels at 5 V cm −1 stained with ethidium bromide and the following visualization under UV light.
Results and discussion
Analysed animals were mostly infected by A. phagocytophilum. This bacterium was detected in 22 (62.86%) roe deer, in two red deer and in two wild boars (Table 1). Infected animals came from localities Nitrianske Rudno (15 roe deer, 2 red deer and 2 wild boars) and Levice (7 roe deer). Male roe deer belonged mostly to the first age class, where 13 of 17 animals were positive for A. phagocytophilum. Seven of them came from hunting area Nitrianske Rudno and six from Levice. Four of seven male roe deer belonging to second age class (aged 2-5) were infected by A. phagocytophilum. Three of them were hunted in Nitrianske Rudno and one in Levice. Three animals from third age class (6 years old and older) were A. phagocytophilum negative. This bacterium was also detected in five roe deer females from Nitrianske Rudno. Two red deer females and two wild boar males from Nitrianske Rudno were found to be infected with A. phagocytophilum. Two red deer males belonging to first (2 years old) and second (aged 3-5) age classes were positive for Ehrlichia sp. All spleen samples were rickettsia negative. D. reticulatus and I. ricinus ticks collected on four red deer from Nitrianske Rudno were not infected by A. phagocytophilum. Four D. reticulatus and one I. ricinus were infected by spotted fever group rickettsiae. None of them was identified as R. slovaca. Rickettsial infection in ticks was not acquired during feeding on deer and infection was probably not transmitted from ticks to deer.
Wild animals from three hunting areas in western Slovakia were infected mainly by A. phagocytophilum. Prevalence of A. phagocytophilum in roe deer was statistically similar (chi-square test) to that detected in our previous study performed on samples from central Slovakia in years 2004-2006 (Štefanidesová et al. 2008) . Prevalences of this bacterium in European countries varies between 12-86% in roe deer and between 13-88% in red deer (Alberdi et al. 2000; Liz et al. 2002; Petrovec et al. 2002 Petrovec et al. , 2003 Polin et al. 2004; Hulinska et al. 2004; Skarphedinsson et al. 2005 ). Estimated prevalences in our studies from central and western Slovakia belong to these intervals. It has been shown that roe and red deer can be chronically infected with A. phagocytophilum. Cervids serve as a natural reservoir host for several A. phagocytophilum genetic variants (Strasek Smrdel et al. 2009 ). Previously the presence of A. phagocytophilum in wild boars and bears was recorded (Petrovec et al. 2003; Strasek Smrdel et al. 2009; Víchová et al. 2010 ). Wild boar is naturally infected with A. phagocytophilum and may represent a potential reservoir of A. phagocytophilum strains infecting humans (Strasek Smrdel et al. 2009 ).
High prevalence of A. phagocytophilum in roe deer as well as positive red deer and wild boars from one of studied localities suggest the occurence of natural foci. However, analysed samples were collected only during five months in 2009. Further, extensive study is required to estimate the more accurate view concerning the prevalence of A. phagocytophilum in these areas. Animals from larger time horizon, ticks collected on these animals, and questing ticks from vegetation should be analysed and identified. Furthermore, assessment of genetic variability of A. phagocytophilum in animal hosts and tick vectors from studied hunting areas may help to estimate the risk of potential human infection.
